Due to climate change, precipitation and temperature patterns will cause significant changes in the ecosystems of the world. The tool used to simulate future climate is the Global Circulation Models (GCM), which are used to generate future climate scenarios. The objective of this study was to estimate climate scenarios for 2045-2069 for the Pico de Orizaba natural protected areas (ANP), Nevado de Toluca and Volcán Nevado de Colima. The monthly climatic layers at 1 km 2 were used for the present and future of the CRNMCM5 and GDFL_CM3 MCG with a radioactive forcing (RCP) of 4.5 (constant CO 2 emissions) and 8.5 (increasing CO 2 emissions). The layers were trimmed to the size of the ANP, and the scale was adjusted from 1 km 2 to 30 m. The current and future climate was estimated and the differences between the two were calculated. Various climate change scenarios were generated. Results for 2045-2069 indicate a decrease in precipitation between 18 and 52 mm for Pico de Orizaba, 61 to 99 mm for Nevado de Toluca and 27 to 38 mm for Volcán Nevado de Colima; increase in average annual temperature of 1.32 °C to 1.67 °C (Pico de Orizaba), 1.30 °C to 1.76 °C (Nevado de Toluca) and 0.91 °C to 1 °C (Volcán Nevado de Colima). Changes in temperature and precipitation could lead to more frequent forest fires, increased incidence of forest pests and reduced reload of aquifers.
Introduction
The concept of climate change describes the changes in climate attributed directly or indirectly to human activity that alters the composition of the atmosphere. The
Intergovernmental Panel on Climate Change (IPCC) declared in 2013 (IPCC, 2013a) that the global warming observed in the middle of the last century was the product of anthropogenic actions, which added to the climatic variability during the period from 1901 to 2012, showed a significant increase of 1 ° C in the average temperature of the entire planet (IPCC, 2014) . On the other hand, precipitation has presented erratic behaviors (Conafor, 2013; Conanp, 2015a ). An irrefutable fact is that the climate in the world has changed and will continue to radically change in the future (Magallanes, 2016) .
In studies of climate change, the resource used is the Global Circulation Models (GCM). These models are a three-dimensional numerical representation of the atmospheric dynamics and of the global circulation around the planet (Jáuregui, 2003) ; they simulate physical processes of the atmosphere, oceans and the earth's surface, and constitute a tool to forecast the future climate response to increases in greenhouse gases in the atmosphere (IPCC, 2013b) . When used in climate change studies, they become scenarios of climate change, which are projected to different time horizons (near future 2015-2039, medium future 2045-2069 and distant future 2075-2099) (Fernández et al., 2015) .
The constant increase in temperature, the variation in precipitation and the frequency of extreme climatic events are producing enormous impacts on the forests and the forestry sector of the world (Moore and Allard, 2009; Sosa, 2015) . Currently, one of the consequences of these modifications are the outgrowths in the phenology of the flora, the displacement of species, a greater frequency of forest fires and the incidence of forest pests in coniferous forests and the increase in tree mortality (Kurz et al., 2008; Anderegg et al., 2013) .
During this century, the impacts of climate change would pose a high risk of affecting the structure and function of the terrestrial and aquatic ecosystems of the world, on a regional scale (IPCC, 2014) . It is estimated that, due to climate change, the planet's temperature would increase to 2 °C by the middle of the 21st century (Garreaud, 2011) . Under these scenarios, many of the species would be unable to survive in the new climates, their habitats would be fragmented and the functioning of the ecosystems would be transformed (Jiménez et al., 2010; IPCC, 2014) .
Climate change scenarios in Mexico indicate that Pinaceae would be among the groups most affected by the increase in temperature (Sáenz et al., 2012; CruzCárdenas et al., 2016) ; one of the most susceptible species is Abies religiosa (Kunth) Schltdl. et Cham., which could reduce up to 87.6 % its distribution area by 2060 (Sáenz et al., 2012) .
All these changes would alter, in many ways and with great probability, the dynamics and functioning of forest ecosystems in Mexico (Moore and Allard, 2009, IPCC, 2014; Islas et al., 2015; Ibarra and Huerta, 2016) .
According to FAO (2003) due to the effect of climate change, by 2050 about 25 % of biodiversity would face a greater risk of extinction, especially those conifer tree species that live in the temperate forests of central Mexico (Sáenz et al., 2012; CruzCárdenas et al., 2016) .
The natural protected areas (NPA) in Mexico are terrestrial and marine regions with ecosystems representative of the place that have not been significantly altered by man; they are subject to special regimes of protection, conservation and restoration, and the activities that can be carried out in them are established following the Ley
General de Equilibrio Ecológico y Protección al Ambiente (General Law of Ecological
Equilibrium and Environmental Protection) (Conanp, 2018) . Unfortunately, the NPA are not exempt from climate modifications; according to Villers and Trejo (1998) , 57 % of the country would change their precipitation and temperature regimes by 2025. The authors tested two models; CCC (Canadian Climate Center) and GDFL (Geophysical Fluid Dynamics Laboratory) with which they found that only 9 of 33 federal terrestrial NPA evaluated in Mexico would not be impacted by the effects of climate change.
Other contributions (Sáenz et al., 2012; Islas et al., 2015; Cruz-Cárdenas et al., 2016) confirm the approach of FAO (2003) 
Materials and Methods

Study Area
The three sites analyzed are federal natural protected areas and are located within 
Nevado de Toluca Flora and Fauna Protection Area
Its geographic coordinates are 18°51'31' ' and 19°19'03'' north and 99°38'54'' and 100°09'30'' west in the State of Mexico and cover an area of 53 590.7 ha (Conanp, 2016).
The prevailing climates are: Cb'(w 2 ) semi-cold, sub-humid with an annual average temperature between 5 and 12 °C; E(T)CHw cold, with an annual average temperature between -2 and 5 °C; C(w 1 ) temperate, sub-humid with an annual average temperature between 12 °C and C(w 2 ) tempered, sub-humid with an annual average temperature of 12 to 18 °C (García, 1998) .
The types of vegetation are represented by secondary tree forms of pine and fir forest, bush forests of oak, fir and pine, induced grasslands, high mountain meadow, fir forests, oak, pine, pine-oak, oak pine and seasonal agriculture (INEGI, 2013) .
Nevado de Colima Volcano National Park
Its geographic coordinates are 19°27'15 '' and 19°35'09'' north latitude and 103°34'38 '' and 103°39'04'' west longitude in the states of Jalisco and Colima and it has an area of 6 555 ha (Conanp, 2006) .
The climates correspond to the types Cb'(w 2 ) semi-cold, sub-humid with an annual average temperature between 5 and 12 °C; E(T) CHw cold, with an annual average temperature between -2 and 5 °C; and C(w 2 ) temperate, subhumid with an annual average temperature between 12 and 18 °C (García, 1998) .
According to Inegi (2013) the vegetation in the area is made up, mainly, by high mountain prairie, by fir, pine, pine-oak forests and, to a lesser extent, by mesophilic mountain forests.
Obtaining current climatic layers
The current monthly climatic layers were obtained for precipitation and average 
Global Circulation Models (MCG)
The monthly climatic layers were downloaded from MCG CRNMCM5 ( constant emissions) and 8.5 (CO 2 high emissions) for precipitation and mean temperature at 1 km spatial scale for the whole country (Fernández et al., 2015) in http://atlasclimatico.unam.mx/AECC_descargas/. The climate layers were trimmed to the NPA size.
Reduction of scale
The spatial resolution of 1 km 2 was readjusted on a spatial scale of 30 m (1 second arc) by means of a bilinear interpolation.
Current and future climate
The current and future climates were obtained from the sum of the 12 monthly layers of precipitation and the average of the 12 layers of average temperature for the present and future periods, respectively.
Climate change scenarios
The climate change scenarios were estimated from the difference between the current and future climate layers of the CRNMCM5 and GDFL_CM3 models with the two radioactive forcings RCP 4.5 and 8.5 projected to 2045-2069. The scenarios with radioactive forcing RCP 4.5 are classified as "conservative" scenarios, and the scenarios with radioactive forcing RCP 8.5 as "extremes" (Fernández et al., 2015) .
All the processes described above were carried out with the help of the map algebra module of the Arcmap 10.3® program (ESRI, 2014).
Results and Discussion
Present climate
The results obtained from the historical average 1902-2011 of the current climate are presented in Table 1 , where the values for annual precipitation and annual mean temperature are described. 
Future climate 2045-2069
The results obtained for precipitation and annual mean temperature of projections RCP 4.5 and 8.5 to 2045-2069 for the three NPA are described in Table 2 . 
Nevado de Toluca
The climatic scenarios indicate an annual decrease between 61 to 98 mm ( 
Nevado de Colima Volcano
The climatic scenarios indicate an annual decrease between 6 to 15 mm (1.1 %) in precipitation (GDFL_CM3 RCP 4.5) in 89 % of the NPA and an increase between 0.95 to 0.98 °C (6 %) in average annual temperature in 70 % of the area for 2045-2069 (MCG CRNMCM5 RCP 4.5).
The extreme scenarios predict a decrease in annual precipitation between 27 to 38 mm Among the main consequences of climate change can be mentioned the increase in temperature and an erratic behavior in rainfall as an increase, decrease or displacement of rain to other geographic regions (Conafor, 2013; Conanp, 2015a) .
The projections for future precipitation of the Semarnat Special Climate Change Program (PECC, 2014) suggest an average decrease in the country of around 10 % by 2030. Sáenz et al. (2010) forecast an average decrease of 9 % in the precipitation of 2060 and Sosa (2015) foresees an average decrease of up to 20 % from 2020 for Mexico.
The results of the scenarios for annual accumulated precipitation predict a decrease between 3.1 % for the Pico de Orizaba, 7.9 % for the Nevado de Toluca and 2.7 % for the Nevado de Colima Volcano for 2045-2069, these results are within the intervals of decrease calculated by Sáenz et al. (2010) for that time horizon analyzed.
The IPCC (2014) states that an increase of 1 to 2 ° C in average annual temperature would represent a moderate damage to the biodiversity and economy of the whole world, whereas if it were> 3.5 ° C it would be detrimental to most terrestrial ecosystems and marine, which could produce extinctions between 40 until 70 % of the world's species (IPCC, 2007) ; a drastic increase in temperature and a marked decrease in precipitation by 2050 could cause a significant reduction in coniferous forests in Mexico (Sáenz et al., 2012; PECC 2014 PECC -2018 . Sáenz et al. (2010) and Conanp (2015a) Villers and Trejo (1998) and Sáenz et al. (2012) foresee that dry forests would increase their distribution (7.4 %), while temperate and cold forests would reduce their distribution areas between 65 % and 87.6 %, respectively; in addition, sites such as the Monarch Butterfly Reserve would present warmer conditions for 2060 (2.3 °C) (Sáenz et al., 2010) , climatic conditions similar to those that would occur in are not encouraging for the species in Mexico (Sáenz et al., 2012) . 
Conclusions
The climate of the planet has changed and is in constant transformation, alterations that would modify the coverage of many ecosystems of the world including the natural protected areas of Mexico.
Climate change scenarios should not be taken as simple forecasts but as possible future climate behaviors.
Of the three NPA analyzed, the models highlight the Nevado de Toluca as the site that would be most affected by climate change, in particular, the A. religiosa forest.
Due to the decrease in annual precipitation the recharge of aquifers would be less and less in the protected natural areas. The increase in average annual temperature would reduce the surface of the Jamapa glacier in the Pico de Orizaba, so it is very likely that by 2050, the glacier has almost completely disappeared.
It is important to mention that the results of this work are convincing but not conclusive; it is recommended to use more Global Circulation Models with different radioactive forcings (RCP) to estimate the future climate variability of the geographic region of interest.
